Biomimetic Membrane Channels based on Carbon Nanotubes  by Geng, Jia et al.
Wednesday, February 6, 2013 545a2796-Symp
Fluorescence Assays for Photosynthetic Capacity of Bacteria
Pe´ter Maro´ti, Emese Asztalos, Ga´bor Sipka.
University of Szeged, Szeged, Hungary.
The fast kinetics of induction and relaxation of bacteriochlorophyll prompt and
delayed fluorescence together with absorption changes of the reaction center
(RC) dimer (P) were measured by combination of flashes from laser diodes
in intact cells of wild type, carotenoidless (R-26) and cytochrome c2 deficient
(CYCA) mutants of photosynthetic bacteria Rhodobacter sphaeroides. The
fluorescence induction under high intensity of continuous light splits into fast
and slow rises both overlapped by the (carotenoid and/or bacteriochlorophyll)
triplet quenching. The fast phase is purely photochemical as
it depends strongly on the number of photons absorbed. The
slow phase is the combination of thermal and photochemical
reactions and reflects the multiple turnover of the system.
Upon short flash, the fluorescence yield cannot reach the
maximum due to partial reopening of the RCs by rapid donor
and acceptor side reactions. Longer flashes are needed to
close the RC completely. Contrary to higher plants, the
kinetics of induction and relaxation of the fluorescence yield
in bacteria are controlled principally by Pþ. The reactions on
the quinone side play minor role. The quantitative determina-
tion of the cyclic electron transfer rate can be based on cal-
ibration to the quantity of Pþ.2797-Symp
Design and Engineering of a Light-Activated Potassium Channel
Cristian Cosentino1, Gerhard Thiel2, Anna Moroni, Ph.D3.
1University of Milan, Milan, Italy, 2TU-Darmstadt, Darmstadt, Germany,
3biology, University of Milan, Milan, Italy.
Optogenetics uses light-activated ion channels to manipulate electrical signals
of cells with high spatio-temporal precision. The available palette of optoge-
netics tools so far includes activators and inhibitors. The sodium permeant
channelrhodopsin-2 for example depolarizes the membrane and increases ex-
citability. Light-activated chloride and proton pumps function as inhibitors of
excitability because they hyperpolarize the cell. To widen the repertoire of op-
togenetic tools, the search is on for a light-activated potassium (Kþ) channel,
which would enrich the efficacy of inhibitory switches. In the present work,
we will describe our strategy to engineer, by a synthetic approach, a genetically
encoded light-activated Kþ channel. To this end, we have fused the LOV (light
oxygen voltage) domain of the plant blue-light receptor phototropin, to the viral
Kþ channel Kcv. The functional properties of the resulting chimeric channels
BLINK (blue light induced Kþ channel) were optimized by a combination of
rational and irrational design using a high-throughput yeast-based screening
system. We have so far selected two promising prototype channels, which
show opposite regulation by blue light:, BLINK1 is activated, while BLINK2
inhibited by blue light. Both prototype channels are functional when expressed
in Xenopus oocytes and we will discuss their biophysical properties in the con-
text of future optogenetics applications.
Platform: Micro- and Nanotechnology
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DNA-Templated Silver Nanoclusters that Fluoresce upon Hybridization
James Werner1, Jennifer S. Martinez1, Jaswinder K. Sharma2,
Hsin-Chih Yeh3.
1Los Alamos National Laboratory, Los Alamos, NM, USA, 2Oak Ridge
National Laboratory, Oak Ridge, TN, USA, 3University of Texas, Austin,
TX, USA.
DNA-templated silver nanoclusters (DNA/Ag NCs) are an emerging set of flu-
orophores that are smaller than semiconductor quantum dots and can have better
photostability and brightness than commonly used organic dyes. Here we find
the red fluorescence of DNA/Ag NCs can be enhanced 500-fold when placed
in proximity to guanine-rich DNA sequences, termed enhancer sequences. On
the basis of this new phenomenon, we have designed a DNA detection probe
(NanoCluster Beacon, NCB) that ‘‘lights up’’ upon target binding. Since
NCBs do not rely on Fo¨rster energy transfer for quenching, they can easily reach
high (>100) signal-to-background ratios (S/B ratios) upon target binding. Here,
in a separation-free assay, we demonstrate NCB detection of an influenza target
with a S/B ratio of 175, a factor of 5 better than a conventional molecular beacon
probe. In addition, we show the fluorescence emission color of a NCB can
change substantially (a shift of 60-70 nm in the emission maximum) depending
upon the alignment between the silver nanocluster and the DNA enhancer se-
quence. We have exploited this color shift to directly detect single nucleotide
polymorphisms (SNPs). This SNP detection method has been validated on allsingle-nucleotide substitution scenarios in three synthetic DNA targets, in six
disease-related SNP targets, and in two clinical samples taken from patients
with ovarian serous borderline tumors. Since the observed fluorescence en-
hancement is caused by intrinsic nucleobases, our detection technique is simple,
inexpensive, and compatible with commercial DNA synthesizers.
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The Lawnmower: An Autonomous Synthetic Protein Motor
Laleh Samii1, Suzana Kovacic1, Cassandra Niman2, Heiner Linke2,
DekWoolfson3, Paul M.G. Curmi4, Martin J. Zuckermann1, Nancy R. Forde1.
1Simon Farser University, Burnaby, BC, Canada, 2Lund University, Lund,
Sweden, 3University of Bristol, Bristol, United Kingdom, 4The University of
New South Wales, Sydney, Australia.
Biological motors are involved in various cellular processes such as intracellu-
lar transport, DNA replication and cell motility. These examples involve multi-
subunit proteins which transduce chemical energy into mechanical work. To
understand better the underlying principles by which biological motors operate,
it is instructive to study simpler motors which use Brownian diffusion coupled
with asymmetry in the system to bias the direction of motion.
Here, we describe the design and construction of a novel protein-based synthetic
motor, the ‘‘lawnmower’’, which uses a burnt-bridges mechanism to autono-
mously and diffusively move forward. The blades of the lawnmower are prote-
ases bound to a quantum dot hub that interact with a one dimensional peptide
substrate track via binding to and cleavages of the substrates. Simulations
have suggested how the number of blades affects the motor properties:
too many able to simultaneously bind the track means very slow motion; too
few and the motor has low processivity [Samii et al., Physical Reveiw E, 84,
031111 (2011)]. In our design, cleavage of substrate by a protease releases
a quenchermolecule at one end of the peptide resulting in increased fluorescence
of the DNA-bound product. Increased fluorescence thus acts as an indicator of
the processivity of the lawnmower along the peptide track, which can be corre-
lated to themotion of the lawnmower. This correlation provides an assessment of
the directionality and processivity of our molecular motor and insight into its
mechanochemical coupling. Experimentally, we confirm with kinetic assays
that our lawnmower is active and that there are an average number of 8 blades
on the each motor. We also demonstrate the synthesis and characterization of
a highly modified DNA-peptide construct, which acts as the track for the motor.
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Synthetic Lipid Membrane Channels formed by Designed DNA Nano-
structures
Martin Langecker1, Vera Arnaut1, Thomas G. Martin2, Jonathan List1,
Stephan Renner1, Michael Mayer3, Hendrik Dietz2, Friedrich C. Simmel1.
1Lehrstuhl fu¨r Bioelektronik, Physics Department and ZNN/WSI, Technische
Universita¨t Mu¨nchen, Garching, Germany, 2Center for Integrated Protein
Science at the Walter Schottky Institute, Technische Universita¨t Mu¨nchen,
Garching, Germany, 3Department of Biomedical Engineering, University of
Michigan, Ann Arbor, MI, USA.
Scaffolded DNA origami was used to create a synthetic membrane channel that
consists of a hollow stem that penetrates and spans a lipid bilayer membrane,
and a barrel-shaped cap that adheres to the membrane via cholesterol moieties.
Transmission electron microscopy was used to confirm that the intended shape
is realized and that the synthetic DNA channels bind to lipid membranes in the
desired orientation. The conductance of the resulting membrane pores was
studied in electrophysiological experiments. Successful membrane incorpora-
tion of individual synthetic DNA channels manifested itself in a stepwise in-
crease in transmembrane current and an increase in electrical noise. The
DNA channels displayed an Ohmic conductance of ~ 1nS per channel in 1M
KCl, which agrees with expectations based on the channel geometry. Similar
to naturally occurring ion channels, the synthetic DNA channels display gating
behavior, which may be caused by thermal fluctuations of the structure. Gating
behavior is found to differ significantly for different variants of the channel.
Geometry and chemical properties of
DNA channels can be tailored for custom
nanopore sensing applications. We also
demonstrate that the channels can be used
for single molecule studies of DNA sec-
ondary structures.2801-Plat
Biomimetic Membrane Channels based on Carbon Nanotubes
Jia Geng1,2, Kyunghoon Kim2,3, Costas Grigoropoulos3,
Caroline Ajo-Franklin2, Aleksandr Noy1,4.
1UC Merced, Merced, CA, USA, 2The Molecualr Foundry at LBL, Berkeley,
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546a Wednesday, February 6, 2013Biological membrane channels and pore-forming proteins display a level of
sophistication in managing molecular scale transport that is typically un-
matched by inorganic analogs, and efforts to develop nanopores that approach
the transport efficiency of biological molecules often run into fabrication or
synthetic difficulties. A different approach is exploiting nanomaterial scaffolds
that provide near-atomic level of control over the structure and surface proper-
ties of these structures. Carbon nanotubes provide an especially interesting sys-
tem for such studies due to their inherently smooth hydrophobic pore walls that
support extremely high transport rates, which are comparable to biological
channels. We describe the preparation of nanotube-based membrane nano-
pores, their assembly into biological membranes, and single-channel measure-
ments of molecular transport in these assemblies.
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Controlled Envelopment of Magnetic Particles within Liposomes using
a Custom-Built Multi-Layer Magnetic Microfluidic Device
Lina M. Gonzalez1, Cheemeng Tan1, Philip R. LeDuc1,
William C. Messner2, Warren C. Ruder3.
1Carnegie Mellon University, Pittsburgh, PA, USA, 2Tufts University,
Boston, MA, USA, 3Virginia Tech, Virginia, VA, USA.
Liposomes can be magnetically triggered to release chemicals by encasing
magnetic particles in an organized and predetermined fashion (e.g. linear
array). Here we demonstrate a controlled arrangement of magnetic particles
within liposomes using a custom-built microfluidic device. The multi-layer
magnetic microfluidic device consists of two thin bottom layers containing
low-melting point (117 C) 52% In - 48% Sn solder and a third top layer
devoted to the input of lipids and magnetic particles. The microchannels con-
taining the solder are electrically isolated and arranged in a lattice pattern; the
top layer contains one channel, which is wide enough to span this solder lattice.
To facilitate installing the solder into the channels, we reduce the surface free
energy by first injecting a solution of 3-mercaptopropyltrimethoxysilane in
acetonitrile and allowing it to dry. By controlling the current in the solder
lattice we can non-invasively corral magnetic particles contained in the top
channel. To control the magnetic multi-layer microfluidic device, we are imple-
menting a digital potentiometer (AD7151) using an Arduino (Mega 2560)
microcontroller with analog inputs for connecting the potentiometers. An
AD7151 can step through 64 different positions offering fine control of the cur-
rent within the solder lattice. This digital potentiometer permits us to vary the
current by changing the resistance electronically rather than manually as in
a conventional analog potentiometer. This device can not only be used to as-
semble magnetic particles within the liposomes for potential in vivo delivery,
but it can also be adapted to sort liposomes based on their magnetic content.
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Probing the Mechanical Coupling of the Cell Membrane to the Nucleus
with Vertical Nanopillar Arrays
Lindsey Hanson, Javier Urzay, Ziliang Lin, Wenting Zhao, Manu Prakash,
Bianxiao Cui.
Stanford University, Stanford, CA, USA.
The structure of the nuclear envelope is crucial for many cell signaling pro-
cesses, from signal transduction to migration and motility, yet little is known
about how the nucleus senses and responds to the cell exterior. Previous studies
of the mechanical properties of the nucleus rely on invasive techniques like
micropipetting, and often neglect the participation of the cytoskeleton and extra-
cellularmembrane, as they require isolation of the nucleus from the cell. In order
to properly interrogate this process, we need a technique that can measure the
response of the nucleus in intact cells as they function normally. Through
previous studies performed by group on the interface between cells and nano-
structures, we observed that the nuclear envelope of adherent cells deforms in
response to the structure of the culture surface. Taking advantage of this re-
sponse, we fabricated vertical nanopillars of various diameters, heights, and
pitch to observe the nuclear deformation under different stress to the cell mem-
brane. This platform allows us to explore the variation in nuclearmechanics, and
its effects on cell behavior, among cell types and disease models in living cells.
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Blood Clot Mechanical Properties measured with Arrays of Magnetically
Actuated Core-Shell Microrods
Briana L. Fiser1, Robert Judith2, Richard Spero3, Bruce J. Oberhardt4,
M. Falvo2, R. Superfine2.
1High Point University, High Point, NC, USA, 2University of North Carolina,
Chapel Hill, NC, USA, 3Rheomics, Inc., Chapel Hill, NC, USA, 4BJO
Biomedical, LLC, Raleigh, NC, USA.
Understanding blood clot formation and mechanical properties is vital, as clot-
ting or bleeding disorders are a leading cause of morbidity and mortality in the
world. One in four trauma patients admitted to the emergency room has anacute traumatic coagulopathy, requiring blood products and/or the management
of specific clotting or fibrinolytic disorders. Such patients would be better
served at or near the site of injury with a point-of-care diagnostic device capa-
ble of immediate coagulopathy detection and early diagnostic indications. We
have developed arrays of magnetically actuated core-shell microrods able to
assess the time evolution of fluid properties at the microscale. Here we describe
their application to assessing the mechanical properties of a developing blood
clot. Our core-shell post structures, 25 microns tall and 2.5 microns in diameter,
consist of flexible poly(dimethylsiloxane) (PDMS) cores surrounded by 100 nm
nickel shells. Packaged in a microfluidic channel, our arrays measure changes
in fluid properties with less than 15 microliters of fluid and have the potential to
become point-of-care devices. We present the use of these core-shell rod arrays
as an assay for clot development, capable of producing clinically relevant clot-
ting time measurements in animal plasmas, and will report on progress made in
whole blood samples.
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A Novel and Versatile Approach for Preparation of Single-Vesicle Arrays
Erin E. Richards, Harrison S. Wostein, Sheereen Majd.
Pennsylvania State University, University Park, PA, USA.
Giant unilamellar vesicles (GUVs) are attractive model membranes, commonly
used to study membrane processes such as membrane fusion and protein-lipid
interactions. Arrays of GUVs are, therefore, ideal platforms for high-
throughput screening of such processes. Here, we present a simple approach
to form arrays of GUVs with or without membrane-proteins. This approach
combines hydrogel-based microcontact printing with the commonly-used elec-
troformation technique to generate arrays of GUVs with controllable size and
composition. First, micro-patterned agarose stamps deliver aqueous solutions
of small liposomes/proteoliposomes onto conductive substrates. GUVs are
then produced from these patterned deposits using electroformation. By vary-
ing the feature size of stamps, we controlled the number of liposomes
grown per deposit and ultimately formed single-vesicle arrays with a narrow
size distribution (3751mm diameter). We demonstrated this method’s capabil-
ity to create giant proteoliposome arrays by electroforming vesicles from
stamped aquaporin-containing membrane deposits, and acetylcholine
receptor-containing cell membrane frag-
ments and confirmed the presence of these
proteins by immunofluorescent-assays.
We further illustrated the versatility of
this approach by forming GUV arrays
in physiologically-relevant solutions. To
demonstrate this system’s applicability
for studying protein-lipid interactions, we
investigated the interactions of a mem-
brane-associated protein, annexin-V, with
phosphatidylserine-containing GUVs.Platform: Protein Structure
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Low Resolution Structure of Ig Domains 58 and 59 of Obscurin using
Small Angle X-Ray Scattering
Logan Meyer, Nathan T. Wright.
James Madison University, Harrisonburg, VA, USA.
Obscurin is a giant muscle protein that is critical for muscle cell maintenance
and organization. Mutations in obscurin and obscurin binding proteins have
been linked to cardiomyopathies and muscular dystrophy in humans. Due in
part to its large size (~900kDa) and recent discovery, its structure and function
has not been fully characterized; therefore the mutations and resulting diseases
are poorly understood. As a first step to biophysically characterizing obscurin,
we used small angle x-ray scattering to solve the low resolution structure of
a simplified system of two domains (Ig 58 and 59). These data give insight
to not only this two domain system but also the ~60 repeating Ig domains at
the N-terminus. Interpretation and computer modeling of SAXS data show a dy-
namic two domain system with a 100 orientation to the other domain. These
results suggest that an individual obscurin Ig domain cannot bind to adjacent
obscurin domains or even regions that are 5 Ig domains away in primary struc-
ture. These data provide insight into how the entire obscurin molecule behaves
in solution, and suggests a mechanism that prevents obscurin from forming un-
wanted self Ig-Ig interactions in vivo.
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Integrative Modeling of Protein Conformational Ensembles using Limited
Data
Justin L. MacCallum, Alberto Perez, Kenneth A. Dill.
Stony Brook University, Stony Brook, NY, USA.
